Introduction: The aim of this project is to estimate the costs to society of training a doctor at either a public
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should be related in some way to the return on investment (1) . Due to concerns that the costs of educating medical students could limit access to the profession, an interest in calculating the cost of undergraduate medical education at United States universities arose at the end of the last century educational costs (instructional costs plus the costs of general supervision (2) (3) (4) (5) . It was also thought that the availability of this data would be useful to request State financing.
Training a physician is a complex process, the economic costs of which are not limited to university tuition (2) (3) (4) (5) . They also include the use of educational loans with the accrual of interest and a variety of other costs associated with food, housing, transportation, and materials (1) (2) (3) (4) (5) (6) . Another factor is the loss of income that secondary school graduates could otherwise be earning while they are studying medicine.
In order to enter undergraduate university programs in Colombia, students must present secondary school diplomas and document their results on a State exam given to graduating high school students by the Colombian Institute for the Promotion of Higher Education (Instituto
Colombiano para el Fomento de la Educación Superior -icfes).
Individual universities also have their own admission requirements, which in some cases include entrance exams. The National
System for Information on Higher Education (Sistema Nacional de Información de la Educación
Superior -snies) reported that in 2016 there were 55 medical programs in the country. Eighteen of them were public and 37 were private, all of them lasting 12-14 semesters. They granted diplomas in medicine, general medicine, or surgery, any one of which authorized their graduates to practice medicine. Out of the 41, 163 students in these programs, 74 % were studying at private universities. An average 261 credits were required for graduation from the public universities, and an average 274 credits were required for graduation from private universities (7) .
The number of people applying to undergraduate medical programs in Colombia is much greater than the number of people who are admitted. In addition, medical programs are not available throughout much of the country, so there is significant migration of students from their municipalities of origin to the cities where these academic programs are available. In many cases, this increases the cost of education to students' families or guardians. The MEDEA Study published in 2001, whose goal was to estimate the availability of doctors in 12 medical specialties in Colombia, indicated that the number of specialists has increased in recent years and will continue to increase, but that one of the primary problems was that the opening of new programs in medical specialties has not been based on the country's needs. This has led to a deficit of physicians in certain specialties and has promoted a concentration of specialists in certain regions, which can make it difficult for graduates of specialized programs to find appropriate work placements (8) . An additional problem is a growing number of general practitioners who seek positions in different specialties, although the demand for specialists in these fields has not been clearly studied (9) . At the same time, the high cost of tuition charged to residents in certain fields is a disincentive for students with limited resources, who are otherwise most likely to choose to work in areas with unmet needs (8 How Much Does it Cost to Train a Physician in Colombia cost of higher education in the country has been studied, no research focusing specifically on the cost of medical education is presently available. In light of the above, this research project seeks to estimate the social cost of training a physician in Colombia.
Materials and methods
A descriptive study and an economic model to estimate the social costs of training a physician in Colombia were developed. Because the perspective is the cost to Colombian society, both direct and indirect costs were considered.
The costs of physician training in the public and private sectors were calculated separately. In both cases, all accredited medical programs were included in the study. Data were obtained through official channels of each university and projections were made based principally on reviewing local databases and surveying a group of students regarding aspects for which no information was available. The resulting costs were expressed in dollars at constant prices for the year 2016. The information was processed in Excel®, and an average cost estimate was made for both public and private universities. An additional estimate was made reflecting weighted costs based on the number of students in each program.
Direct Costs
Direct costs are the expenditures necessary for access to higher education, including tuition, fees, other expenses, and costs covered by the community.
Tuition and Fees
The tuition and fees billed by universities represent the expenses incurred by students and/or their families to cover registration, tuition, and graduation and other fees. Tuition information was obtained from snies when it was available. When this information was not available from snies, it was sought from official sources at each university. In the case of public universities, tuition is calculated individually for each student, based on formulas established at the discretion of each institution. These formulas are applied to the socioeconomic profile of the student and his or her family (10) . Data used was based on the following parameters: a stratum 3 student 4TN who was economically dependent, who lived with his or her parents, who had no children or any other dependents, who had graduated from a public secondary school or from a private secondary school whose tuition was average in 4 TRANSLATOR'S NOTE Colombian cities and municiplities classify their populations into distinct groups, known as strata, between 1 (the lowest) and 6 (the highest). Each stratum has similar social and economic characteristics. Higher-stratum residents pay more for utilities and public services while lower-stratum residents pay less.
relation to the range of tuitions considered by the university in question, and who lived in a household whose income was equivalent to the average household income reported by the National 
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The web sites of the different universities were consulted to determine application and graduation fees. Application fees are paid by all applicants to a particular program and cover the cost of admissions processing (specific tests, interviews, etc.). Graduation fees cover the cost of the physical production of diplomas and in some cases the cost of the graduation ceremony.
Application and graduation fees were calculated just once for each program, while tuition fees were estimated for each academic year until the program was completed.
Because both tuition fees and the number of students vary for each medical program, the calculation of tuition, application, and graduation fees was weighted based on the number of students enrolled in each program. When calculating the total cost of programs, their duration was taken into consideration, and used to determine the tuition charged to each student based on the socioeconomic profile of the student and his or her family. The duration of these programs ranged from 12-14 semesters.
Other Expenses
Other expenses incurred by families and or students who are associated with university studies were also considered. These costs included transportation, housing, food, books, photocopies, and other materials, including medical instruments. An electronic survey of medical students at different public and private universities in the country was used to estimate these costs, with the exception of the cost of medical instruments. Specifically, the survey was used to estimate the expenditures of students for food, housing, transportation, books, notebooks, photocopies, and biosafety equipment, including lab coats, gloves, face masks, and headwear. For convenience, this information was obtained from students who chose to participate voluntarily. In the case of medical instruments, it was assumed that at some point in their studies, all medical students would obtain a sphygmomanometer, a stethoscope, and an oto-ophthalmoscope. Basic and functional models of these instruments were priced based on availability, recognition, and recommendations. Their availability through the Pan-American Health Organization and in Colombia through the Ministry of Health and Social Protection was also taken into consideration.
Costs to the Community
This refers to State contributions to public education. Since the State provides a significant proportion of the resources needed to educate students at public universities, State budget allocations to each university were determined based on statistical reports issued by the universities and published in snies for the years 2003 and 2012 (7). Since no information was available regarding the allocation of resources to each program, it was assumed that the State's per-student contribution to all programs was equal.
Indirect Costs
Among other indirect costs, lost income (lucrum cessans) due to students' late entry into the labor market was also taken into consideration. In order to estimate lost income, i.e. the amount of money that a student could generate if he or she performed remunerated work during the years of his or her undergraduate studies, research was conducted on the average earnings of recent secondary school graduates, using data available through the Ministry of Education's values (11) . This analysis assumes that the opportunity cost of studying medicine would be to enter the labor market and earn as much as the average secondary school graduate.
Observatory on Labor and Education (Observatorio Laboral para la Educación

Estimate of Total Costs
The average total cost of studying medicine was estimated by adding the direct and indirect costs. Total costs were estimated separately for public and private universities.
Benefits of the Investment
In order to provide the model with a comparator, the economic returns of studying medicine versus studying in any other university program were compared. The tuition costs for studying in other programs were obtained from the statistical report on higher education published by the Education Ministry, taking into account only those institutions at the university level. Because the values reported by the Ministry corresponded to the year 2015, they were updated to 2016 by applying the rate of inflation as reported in the Consumer Price Index. Other education costs (application and graduation fees) were assumed to be the same as for medical students (12) . While there may be differences in expenditures related to the materials required during the program, the same values in this area were applied in the case of the counterfactual program other than medicine. This was based on the idea that while there may be programs requiring costly instruments, there may also be others where the cost of instruments is minimal.
Indirect costs were estimated by recalculating lost income, because the average duration of programs other than medicine is five years.
Various methods were applied to evaluate the benefits of the investment: net present value (npv), return on investment (roi), internal rate of return (irr) and the investment recovery period. npv corresponds to the difference between the current value of benefits in the form of income, and the current value of investments (13) . The irr is the discount rate at which npv is equal to zero, i.e. the current value of benefits is equal to the current value of the investment (13) . The cost/benefit or desirabilty ratio is obtained by dividing the discounted benefits at year zero by the discounted costs at year zero (13) . The time for return on investment, known as tri, payback period, or recovery period, determines the amount of time it will take to recover an investment, i.e. the time required for net cash inflows to equal the initial investment (13) . For the npv, roi, and tri, the period of evaluation is considered to be the 40 years subsequent to the investment. The selection of this time frame is based on research regarding returns from education (14) .
In evaluating the returns from studying medicine or another university program, a scenario was constructed that considered only the income of graduates and applied a discount rate of 12 %, the rate recommended for public investment projects by the National Planning Information from all 18 public universities was obtained, but 5 of the 37 private universities were excluded since they did not have the required information on the number of graduates or their income. The income data that was obtained was subsequently calculated to be expressed as a multiple of the minimum salary. Income in subsequent years was projected using this information. To obtain their medical degrees after completing their studies, students must carry out Obligatory Social Service (Servicio Social Obligatorio -sso), previously known as their "rural year" (año rural). Thus, it was assumed that in the first year after completing their studies, their income and expenses where those that corresponded to the 
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Sensitivity Analysis
Various scenarios were projected for evaluating the economic benefits of medical studies.
In these models, we considered different discount rates, increased income resulting from annual increases of the minimum salary, income variation based on the inclusion of expenses, and an analysis of economic benefits if educational loans are taken into consideration. Discount rates of 5 % and 7.5 % were considered. An annual increase of 5 % in the minimum salary was considered, since that was the average annual increase over the last five years (11) . Information on spending was obtained from the Dane's 2007 survey on income and spending, and net annual income flows were calculated as the difference between annual income and expenses. Because the time horizon for the estimate is long, income and spending were projected assuming that the salary projected for 2017 would be maintained over time. 
Results
A
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Fifty-three percent of medical students at public universities were concentrated at six of the According to snies, the average dropout rate per semester was 3.4 % at the public universities and 6.1 % at the private universities considered. The public universities with the highest dropout rates were the Universidad de Cartagena (9.6 %), Universidad del Tolima (7.5 %),
Universidad del Valle (6.1 %), Universidad de Nariño (5.9 %), and Universidad de Pamplona 
Direct Costs
The average total cost of tuition and fees for undergraduate medical education at public universities is US $22, 457. The average total cost of tuition and fees for undergraduate medical education at private universities is US $44, 790. Each of the factors in these totals is detailed below.
Application and Graduation Fees
The weighted average of application fees was US $28.54 at public universities and US $35.01
at private universities. The same values were applied to the counterfactual of non-medical university programs.
Tuition
The weighted average tuition per semester at public universities was US $649 without inclu- 
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Average tuition for the 10 semesters of programs other than medicine was US $5869, US $1831, and US $15, 123 at public universities taking State contributions into account, public universities without considering State contributions, and private universities, respectively.
Graduation Fees
The weighted averages of graduation fees were US $59.82 at public universities and US $191.33
at private universities. The same values were applied to the counterfactual of University programs other than medicine.
Spending Related to University Attendance and Required Equipment
It was calculated that medical students at public universities spend a total of US $14, 613 for the costs of attending university and the purchase of medical equipment during the semesters that make up their programs, and medical students at private universities spend US $18, 063
for these purposes during the semesters that make up their programs. The sources for this data and related calculations are described in more detail below. It was calculated that students spent a total of US $367 on medical equipment during their undergraduate medical studies.
Indirect Costs
University students in medical programs forgo income of US $17,892 during their six years of study. Students in programs other than medicine forgo an income of US $15, 027 in their five years of study. Tables 2 and 3 present a summary of the costs entailed in training a physician and a non-medical professional in Colombia, at public and private universities, respectively. 
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Return on Investment Table 4 presents calculations on the economic returns from investment in a university undergraduate medical program, and a university non-medical program, for the purpose of providing a baseline scenario (a discount rate of 12 %, constant income, and without considering expenditures) for both public and private universities. Because State contributions to this investment are not assumed directly by the individual, but are returned through taxation and the value of his or her service to society, projections are also made considering exclusively the cost assumed by the individual and his or her family for the professional training received. Time to return on investment 11 years 4 months 6 years 10 months 10 years 9 months
It can be observed that the npv is positive on a 40-year time horizon subsequent to the completion of the undergraduate program (licenciatura) in medicine. It can also be seen that the npv is positive for graduates from both public sector and private sector universities, though more so for graduates from public sector universities. This distinction is related to the lesser initial investment for studies at public sector universities under the assumptions made for the purposes of this analysis. The ratio of roi is positive. Every peso invested in an undergraduate medical program at a public university produces 1.2 pesos while every peso invested in such a program at a private university produces only 0.5, i.e. half a peso. The irr was estimated at 22.3 % for the licenciatura at public universities and 17.1 % at private universities, greater in both cases then the discount rate applied. As for the time to return on investment, it can be observed that graduates of public universities require 3 years and 10 months to obtain positive benefits while graduates of private universities require 10 years and 6 months to obtain positive benefits. Returns from obtaining an undergraduate degree in a field other than medicine are also favorable, but they are not equal to the benefits obtained by earning an undergraduate degree in medicine. With the exception of the npv, however, the values obtained after graduating from a private university are very similar in both medical and non-medical fields. This distinction is more significant for graduates from public universities. Despite the high costs associated with studying in an undergraduate medical program, greater benefits accrue from undertaking medical studies due to the higher income of physicians in comparison with practitioners of other professions.
Sensitivity Analysis
A sensitivity analysis was conducted, applying different discount rates (5 % and 7.5 %).
The benefit values were higher with both rates and the time required for the return on investment was reduced from that of the baseline scenario. The undergraduate program in medicine produced a greater return than that obtained from any other undergraduate academic program.
In another an analysis of sensitivity, annual 5 % increments to the minimum salary were considered, based on salary increments reported in recent years. It was found that increased income based on minimum salary increments produced greater returns than in the baseline case. Under this scenario, the undergraduate program in medicine continues to produce greater returns compared to other undergraduate academic programs.
In another projection, returns on investment are evaluated in light of monthly spending, taking into consideration average spending and spending for the corresponding income decile. This analytical perspective produced negative returns for both medicine and other undergraduate programs. Results as interpreted from measurements of return on investment can be highly variable depending on the level of spending selected. cost of tuition and fees, private universities receive no State contributions, so the economic burden falls entirely on the student and his or her family.
Although there are few similar cases in the literature on Latin America, researchers in other parts of the world have studied the economic conditions of the student population and the cost of training physicians. One study at the National University of Singapore found that more than 30 % of students took on educational loans, a circumstance that can be attributed in part to the obstacle presented by the high cost of medical education (19 at private universities (20) . This was even higher than in Singapore, whether analyzed as net cost or in relation to per capita Gross domestic product gdp.
In addition, the resources provided by a student for his or her tuition at public universities makes up only a part of the total cost that is assumed for the full training of a physician.
In a 2012 study carried out at the University of Sidney, it was found that the annual cost of educating a medical student was US $40, 150 (at 2016 constant prices), most of which (61 %) went to paying the salaries of academic personnel and paying for academic research (21 
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and last much longer then professional programs in other fields, which could justify the earnings gap and suggest that this may also be the case in oecd countries, but that the effect was diluted in the report by the averaging process.
In the United States, a 2010 study calculated that return was positive after four years at any discount rate (6, 8, 10 %) . In Colombia, however, at least 7-8 and up to 10 years are required, with discount rates of 5, 7.5, and 12 % respectively, to get a positive return on investment (23) . The study also showed that annual education costs greater than US $140, 000 would be above the break-even point according to the npv, and would be characterized as overpriced.
This indicates that although tuition fees in the United States are significantly higher than in Colombia, higher doctors' salaries in the United States allow them to recover their investment more quickly than general practitioners in Colombia.
It can be observed in general terms that the cost of physician training in Colombia is considerably lower than in other countries such as the United States. At the same time, returns on this educational investment are lower than in other parts of the world. If we consider only the local context, however, it can be noted that the returns available to a general medical practitioner in Colombia are greater than those of non-medical professionals, since the latter earn lower salaries.
This research has been limited by the assumptions that were applied, the availability of information related to tuition costs for all public universities, and State contributions to those costs, which vary by discipline. In our analysis, we assumed application and graduation fees in fields other than medicine to be equal to those in medicine. This equivalency, however, would in fact depend on the fee structures at individual universities. Nevertheless, these fees are minor compared to tuition fees, and it is not expected that variations in application and graduation fees would have a significant effect on the results obtained. Assuming that
State support for medical programs is similar to support in other fields of study surely underestimates the true cost of physician training in the public sector. Uncertainty is introduced with respect to estimated returns on investment if the spending of graduates is considered, since the measures applied are highly sensitive to graduates' spending levels. It is also questionable to assume that earnings are constant over time, i.e. without considering physicians' years of experience.
Likewise, no consideration was given to physicians who continue their studies in a medical specialty, which, on the other hand, was done when the costs of physician training in the United
States were estimated (24) . Taking 
